T he cytoplasmic membrane of almost all bacteria is surrounded by a peptidoglycan (PG) cell wall or sacculus, a cell-sized molecule of glycan strands that are crosslinked by peptide bridges 1 . One critical function of the sacculus is to withstand turgor pressure and cells typically burst when their PG meshwork is compromised. The sacculus also serves to maintain cell shape and as an anchor for additional cell envelope components, including the outer membrane in Gram-negative species. Growth and fission of the sacculus during the cell cycle requires trans-envelope complexes of enzymes that produce, modify, or degrade PG, and whose organization and subcellular activities are controlled by cytoskeletal elements on the cytoplasmic face of the cytoplasmic membrane. In many rod-shaped organisms, including E. coli (Gram negative) and Bacillus subtilis (Gram positive), dynamic filaments of actin-like MreB serve as primary guides for elongation of the sacculus during cell growth, while those of tubulin-like FtsZ orchestrate the whole process of cytokinesis (Fig. 1a) 1 . E. coli cells lacking MreB form walled spheres that can still divide and survive, provided the level of FtsZ is sufficiently high (Fig. 1b) 2 . FtsZ is an ancient protein that directs cytokinesis in almost all Bacteria and Euryarchaeota, as well as plastidial and mitochondrial fission in many eukaryotic species 3, 4 . In preparation for cell fission, homopolymers of FtsZ accumulate at the future division site (usually midcell) together with protein partners that tether them to the cytoplasmic membrane. This Z-ring then recruits additional division proteins to form a mature septal ring organelle or divisome, which subsequently drives the coordinated invagination of the cell envelope layers and sister cell separation. Integral to the septal ring are specialized PG enzymes that have the onerous tasks of producing an inward growing annulus of septal peptidoglycan that remains continuous with the cylindrical portion of the mother sacculus, and then to cautiously split this layer from the outside inwards to generate the two new hemispherical caps of the nascent sister sacculi. When FtsZ function becomes compromised, the septal ring cannot form and cells fail to divide. Other cell cycle events are not immediately affected, however, and FtsZ-depleted cells of rod-shaped organisms typically elongate into long multiploid filamentous cells before eventually dying (Fig. 1c . Chlamydiae evolved an MreB-based mechanism 6 , but how other FtsZ-less species divide is largely unclear.
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The surprising discovery of viable mutants that retain a peptidoglycan cell wall but lack the essential director of normal cytokinesis, FtsZ, reveals that Escherichia coli can proliferate in a completely unexpected manner. 7, 8) . Rather, these pleomorphic cells produce progeny by cytoplasmic membrane tubulation and blebbing (Fig. 1d) , which results from the production of more phospholipid than is required to cover the cytoplasm. Such imbalance increases as cells grow larger, eventually inducing spontaneous fission to restore a membrane-surface to cell volume ratio that is energetically more favourable 8, 9 . This simple biophysical mechanism can also drive spontaneous fission of lipid vesicles in vitro, may well have operated in the first primitive cells prior to the invention of a cell wall, and might contribute to fission of extant Tenericutes that lost the wall again (for example, Mycoplasma) 10 . In this issue of Nature Microbiology, Mercier and co-workers 11 spring another surprise. When PG synthesis is restored in their wall-less variants of E. coli or B. subtilis, they readily revert back to life with a sacculus, and this is accompanied by the expected changes from fragile L-forms to osmotically stable rods. Enquiring if FtsZ (and, hence, the septal ring) is required for this de novo generation of the normal rod-shape, they unblocked PG synthesis in wall-less ΔftsZ mutant cells of E. coli 11 . Interestingly, these cells morphed into non-dividing filaments, as if FtsZ were simply depleted from normal rods (Fig. 1c) . Thus, de novo formation of a cylindrical PG sacculus of normal diameter does not require the ability to form Z-rings 11 . Far more surprisingly, extended incubation of such PG-producing ΔftsZ cells allowed for secondary mutations to result in a few viable mutants that are both walled and lack FtsZ. The mere existence of these creatures, termed coli-flower (CFL), and their mode of propagation, is wholly unexpected and bizarre. Instead of filamentous rods, time-lapse imaging show bulbous CFL cells projecting protrusions that develop into branched syncytial structures of multiple bulbous compartments connected with thin bridges of cellular material. Over time, bulbous parts separate from this ramified structure, by fission or maybe breakage of connecting bridges, and go on to form similar branched structures (Fig. 1e) 
11
. Interestingly, CFL growth minimally requires the absence of FtsZ as well as that of functional PBP1B, one of the PG synthases in the cell. Other factors appear to block the transition from rod-shaped or L-form E. coli to CFL growth, but may be less relevant once coli-flowering is established. These include anchoring of the outer membrane to the PG sacculus by Braun's lipoprotein (Lpp), and biosynthetic pathways for colanic acid or other extracellular polysaccharides 11 . Strikingly, another group recently showed that functional PBP1B, Lpp, and a colanic acid biosynthesis pathway that must be either intact or completely absent, are actually required for E. coli spheroplasts to reform viable rods after enzymatic removal of their original sacculi 12, 13 . Presumably, metabolic intermediates of extracellular polysaccharide production interfere with de novo generation and/or maintenance of an intact sacculus, whatever its (eventual) shape. More importantly, FtsZ, PBP1B, and Lpp proteins all appear to help enforce a normal cylindrical shape on the PG sacculus of E. coli [11] [12] [13] . Moreover, either FtsZ or PBP1B activity is sufficient to impose a cylindrical shape on CFL cells 11 , implying there are at least two pathways to do so. Can FtsZ and PBP1B independently direct the MreB-associated enzyme complexes to enforce a cylindrical shape? If so, how? If not, how do they dictate cell shape? And how is the outer membrane lipoprotein Lpp involved?
Other pressing questions concern coliflowering itself. Ultrastructural studies will be needed to understand the organization of cell components in the ramified CFL structures. Initial pharmacological experiments suggest that, in contrast to wall-less E. coli variants (Fig. 1d) , CFL mutants do require functional MreB for survival (Fig. 1e) 
. Non-CFL walled cells that lack both MreB and FtsZ form giant non-dividing spheres before dying (Fig. 1b) 2 . It will be interesting to learn if CFL mutants still do so as well, and to further define the role(s) of MreB and other cell shape proteins in their survival. Surprisingly, CFL mutants are also sensitive to drugs that target PBP3 (ref. 11), an essential PG-synthase in the septal ring that is normally dedicated to fission 1 . Why PBP3 is still required in cells that cannot assemble normal septal rings, and clearly do not divide like normal rods, is a new mystery. It also questions whether other septal-ring components play FtsZindependent roles in coli-flowering and, perhaps, normal growth as well.
But, before we run into the lab, let's reflect a little and stand in awe of the plasticity of bacterial cells. Evidently, just a few mutations are sufficient to result in a completely new mode of propagation that also renders FtsZ non-essential and PBP1B toxic. Who would have thought plain E. coli was this malleable and resourceful? Suddenly, one imagines the natural evolution of walled FtsZ-less bacteria as perhaps a rather pedestrian affair. In fact, it is not so hard to imagine coli-flowering as a clumsy prelude to the budding-mode of propagation common amongst the walled FtsZ-less Planctomycetes 14, 15 . 
